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Abstract
Areas of abandoned agricultural fields are globally increas-
ing and are also common features in the Cape Lowlands
of South Africa. Previous restoration attempts in degraded
West Coast renosterveld, a Mediterranean-climate shrub-
land, have attained limited success and therefore novel
approaches are needed for this area. The study reports on
two restoration experiments, designed to re-introduce key
plant functional types back into this critically endangered
habitat. The first experiment concentrated on a common
pioneer species in renosterveld vegetation, Otholobium hir-
tum. Although in vitro experiments showed a significantly
elevated germination response after scarification, in vivo
experiments failed to produce establishment in an aban-
doned field. The second restoration experiment focused on
bush clumps, a sub-type of renosterveld vegetation that
is characterized by broad-leaved shrubs with fleshy bird-
dispersed diaspores. The effect of artificial bird perches
and their potential to enhance diaspore dispersal by fru-
givorous birds in two abandoned field communities was
tested. Results showed a significant increase in seed dis-
persal at artificial perch sites. However, in the next fruit-
ing season, and after perch removal, seed germination
and establishment in abandoned fields was not success-
ful. The experiments revealed that restoration using early-
succession species and natural dispersal vectors appear not
to produce demonstrable benefits, despite their promising
potential and pre-testing of effectiveness. Before launch-
ing large-scale restoration programs in abandoned fields
of renosterveld, preliminary studies in-field are strongly
recommended.
Key words: artificial bird perches, bush clumps, Cape
Floristic Region, Fynbos biome, Otholobium hirtum , under-
ground termitaria
Introduction
Abandoned agricultural fields are an increasing feature of
human-transformed ecosystems (Cramer & Hobbs 2007). They
are also potential restoration sites, with restoration success
strongly depending on abiotic and biotic factors (Saunders
et al. 1991), as well as on temporal and spatial dispersal of
diaspores (Poschlod et al. 1998). Ideally, restoration should
quickly produce particular target conditions and maintain
these for long time frames (D’Antonio & Meyerson 2002).
Across vegetation zones, several attempts have been made
to re-introduce local species into abandoned fields by vari-
ous methods (e.g. sowing, transplanting, and perching) and
such efforts are often accompanied with control of alien
species using cutting, tilling, burning, and/or herbicide appli-
cation (Van Andel & Aronson 2006). The study reports
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on two methods to re-introduce indigenous plant species
into degraded habitats of critically endangered West Coast
renosterveld; a Mediterranean-climate shrubland in the Fyn-
bos biome of South Africa (Di Castri & Mooney 1973).
The main component is a shrub matrix characterized by
asteraceous wind-dispersed species intermingled by under-
ground termitarias, locally called “heuweltjies” and habitat
of bird-dispersed shrub or tree species (Rebelo et al. 2006).
Renosterveld is known for its high diversity of geophytes.
However, conservation status is very poor (Cowling et al.
1999), despite its global biodiversity importance (Cowling &
Pierce 1999) and regional conservation priority status (Rebelo
1997).
West Coast renosterveld has been heavily transformed by
agriculture and marginal land was abandoned from the 1980s
(Krug & Krug 2007). These old fields exhibit slow succession
and recovery of indigenous plant species due to soil degra-
dation, alien grass competition (Milton 2004; Midoko-Iponga
et al. 2005), and the depletion of the indigenous soil seed
bank. Although plant species are able to persist in small rem-
nants within a matrix dominated by agriculture (Cowling &
Bond 1991; Kemper et al. 1999), it is necessary to enlarge
these fragments to meet conservation goals, to protect them
from further habitat loss and transformation, as well as to
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prepare for climate change impact. There is an urgent need
to develop management tools to respond to highly competi-
tive alien grass infestation of abandoned fields in the Fynbos
biome (Milton 2004; Musil et al. 2005). To restore a partic-
ular habitat, it is necessary to re-introduce key elements that
provide structural features of the original habitat (Miller &
Hobbs 2007). Here, two methods novel to the Cape region
are presented that could introduce a much needed structural
component into degraded habitats. Following these strategies,
establishment of an indigenous shrub matrix into abandoned
fields could be enhanced, thereby reducing alien grass infes-
tation.
A particular native pioneer species, Otholobium hirtum
(Fabaceae), grows in stands or patches with little alien grass
understorey compared to abandoned fields, thereby creating
safe sites for the establishment of indigenous plant species
(personal observation). In the first restoration experiment pre-
sented, this shrub-grass exclusion was verified via vegetation
surveys. Later, seeds of O. hirtum were collected and subjected
to different germination treatments to find optimal germina-
tion conditions for the subsequent restoration experiment under
field conditions.
Birds are important dispersal vectors and attracted to natural
and artificial perches where defecation and regurgitation take
place (McClanahan & Wolfe 1993). Pausas et al. (2006)
highlighted the benefits of mimicking natural processes (both
structural and functional) for active management strategies,
as well as for enhancing landscape recovery via artificial
perching structures. In South Africa, Knight and Siegfried
(1983) and Knight (1988) were the first to study the perch
effect in cleared mountain fynbos vegetation, followed by
studies in coastal fynbos (Cowling et al. 1997). They found
that perches, such as shrubs and telegraph lines, can enhance
densities of bird-dispersed plant species. Unfortunately, few
data on post-dispersal establishment exist and no such data are
available for renosterveld. The second restoration experiment
tested whether artificial bird perches enhanced seed dispersal
into abandoned fields, thereby initiating nucleation processes
(Verdú & García-Fayos 1996). Since bird dispersal alone does
not imply successful species establishment (Holl et al. 2000),
we also examined the germination and establishment success.
Methods
Study Area and Sites
The study was performed at the Tygerberg Nature Reserve
(Tygerberg Hills, S −33.87; E 18.59) and Mooiplaas Wine
Estate (Bottelary Hills, S −33.93; E 18.74) on the Cape Low-
lands of South Africa. Both sites are typical representatives
of remaining Swartland shale renosterveld with adjacent aban-
doned fields. The area is characterized by Mediterranean-type
climate, with summer-drought and winter rain regime, and an
annual precipitation of 600 mm (Rebelo et al. 2006). Soils
are comparatively nutrient-rich and alkaline with high clay
content.
Pioneer Experiment
The first experiment was performed at Tygerberg Nature
Reserve. Cover values of Otholobium hirtum and Poaceae
spp. were measured along a 6-m transect from the core of
10 O. hirtum patches toward an abandoned agricultural field
(Fig. 1). After seed collection, in vitro germination experi-
ments were applied with pre-treatments including scarification
using sandpaper and/or heat shock (10 minutes at 60◦C) via
a modified drying chamber. Thus, 16 treatments with 8 repli-
cates each containing 15 seeds were carried out in climate
chambers (Table 1). Treatment regimes included combinations
of different temperature (20◦C/12◦C, 20◦C/20◦C) and light
regime (light and dark, only dark) within a 12 hour/12 hour
time window. For in vivo germination experiments 10 exper-
imental split plots were installed in an abandoned agricul-
tural field with subplots (25 cm × 25 cm) characterized by
combinations of (1) vegetation: not eliminated, eliminated,
(2) granivore exclosure with mesh size of 1 cm: with, without,
and (3) sowing of 400 seeds: non-scarified, scarified.
Perch Experiment
The second experiment was performed both at Tygerberg
Nature Reserve and Bottelary Hills, each comprising 10
perches and seed traps erected in abandoned agricultural fields,
as well as 10 control traps without perch. The design was
adapted from McDonnell and Stiles (1983). Netted seed traps
(1.2 m × 1.2 m) situated below each perch were used to
measure the input of bird faeces and bird-dispersed seeds. Nets
had a mesh size of 2 mm to allow drainage but to prevent seed
loss and were supported on 20 cm stone piles. Dead branches
of Eucalyptus sp. were embedded into the soil as artificial
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Figure 1. Mean cover class values of Otholobium hirtum and Poaceae
spp. Otholobium hirtum (circles) and Poaceae spp. (triangles) along a
transect from O. hirtum patch core (1 m) toward abandoned agricultural
field (6 m) with mean and standard error of mean. Kruskal–Wallis H test
(H = 26.0 shrub; H = 25.0 grass; p < 0.001***, n = 10). In between
group comparison with sequential Mann–Whitney U test including
Bonferroni-correction. Different letters indicate statistically significant
differences between plant cover values of O. hirtum and Poaceae.
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Scarification With Without With Without
Treatment parameter
20◦C/12◦C 12 hour/12 hour LD A 1 A 2 B 1 B 2
20◦C/12◦C 12 hour/12 hour D A 3 A 4 B 3 B 4
20◦C/20◦C 12 hour/12 hour LD A 5 A 6 B 5 B 6
20◦C/20◦C 12 hour/12 hour D A 7 A 8 B 7 B 8
D, dark treatment; LD, light/dark treatment. Treatment codes are shown bold, with
ambient temperature (A) and 60◦C heat-shock (B), with and without scarification.
perch. Mean height of the branches was 212 cm and a mean
crown diameter was 128 cm. One year later and before the
next fruiting season, traps were removed and two quarters of
the area below each perch was cleared of alien grasses in order
to study seedling establishment in vegetation and competition-
free sites.
Statistical Analyses
Data were analyzed for statistically significant differences
using the Kruskal–Wallis H test and Mann–Whitney U
tests, including Bonferroni correction. All statistical tests were
computed with SPSS (SPSS Inc., Chicago, IL, U.S.A., v. 17).
Results
Pioneer Experiment
Grass cover was significantly lower in Otholobium hirtum
patches than outside the patch, that is, the abandoned field
(Fig. 1). Scarification alone significantly increased in vitro
germination rates from 10% (A2, 4, 6, and 8) to 80% (A1,
3, 5, and 7) (Fig. 2). Heat-shock treatment with or without
scarification significantly increased germination rates to near
100% (B1–8). The in vivo split plot experiment failed to
produce results since no seedlings germinated and established
within subplots.
Perch Experiment
At Tygerberg Nature Reserve, Lanius collaris, a partly frugivo-
rous bird, was the only species visiting the artificial perches (21
times for a total duration of 45 minutes, 12 hours of observa-
tions). Seeds of 11 plant species (179 seeds in total) were found
in seed traps under perches during the experimental period of
9 months (Table 2). At Mooiplaas Wine Estate, 22 hours of
bird observations were carried out and five bird species having
a partly frugivorous feeding behavior were recorded visiting
artificial perches (Euplectus capensis, L. collaris, Pycnonotus
capensis, Serinus canicollis, S. flaviventris; 109 times for a
total duration of 91 minutes). Two thousand twenty-four seeds
of 12 plant species were found in seed traps under perches
during a 6-month period (Table 2).
At both sites the mean number of seeds and faeces was
significantly higher under the perches compared to the control.
Between sites, Mooiplaas had a significantly greater mean
number of seeds than to Tygerberg (Table 2). At Mooiplaas
abundant plant species with seed numbers greater than 200
were Olea europaea ssp. africana, Rhus sp. and at Tygerberg
(seed number > 20) Euclea sp. and Rhus sp. Other species
included unidentified species and exotic invasive Acacia
cyclops.
However, subsequent removal of seed traps and visible seed
deposition by birds the next fruiting season were not followed
All heat shocks 
treatmentsc
No heat shock, no 
scarification a
No heat shock, scarified, 
other treatmentsb 
No heat shock, scarified, 






















Time since initiation (d)
Figure 2. Germination treatments of Otholobium hirtum. For treatment regimes refer to Table 1. Results of Kruskal–Wallis H test (H = 106.0; n = 128;
p < 0.001). Significant results of subsequent pair-wise Mann–Whitney U test including Bonferroni correction are shown as different letters (p < 0.001).
Fifteen seeds per replicates and 8 replicates per treatment.
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Table 2. Dispersal of faeces and seeds at perch and control sites.
Mooiplaas Tygerberg
Perch Control Perch Control
Total no. species 12 11
Mean no. faeces 431.6 ± 86.8 1.4 ± 0.3 82.9 ± 16.5 2.4 ± 0.5
Mean no. seeds 202.4 ± 72.4 0.0 ± 0.0 17.9 ± 6.2 0.0 ± 0.0
Means and standard error of means are given. Significant higher values (perch versus
control) are bold indicated (Mann–Whitney U test, p < 0.001, n = 10). Significant
higher faeces and seed deposition occurred at Mooiplaas compared to Tygerberg
(Mann–Whitney U test, p < 0.05, n = 10).
by establishment of shrubs in vegetation and vegetation-free
sites below the perch.
Discussion
A high level of habitat degradation and competition with alien
species diminish the suitability for re-establishment of species
once present (Miller & Hobbs 2007). Therefore, abandoned
fields persist in a degraded state and face severe ecologi-
cal and policy challenges (Cramer & Hobbs 2007). Although
field observations and in vitro germination experiments were
promising, the in vivo germination and establishment of pio-
neer and bird-dispersed species in abandoned fields failed. As
a consequence, neither method appeared suitable as a man-
agement and restoration option in these degraded renosterveld
habitats. According to the precipitation data of the South
African Weather Service, study years had a normal rainfall
pattern (e.g. pronounced winter-rainfall). Therefore, influence
of extreme dry weather conditions over the germination period
can be precluded.
In some species, a thermal shock modifies hard-coated
seeds and overcomes physical dormancy (Baskin & Baskin
1998). Our germination results are consistent with studies
showing the dependence of Fabaceae on stratification (e.g.
pre-heating, scarification) in order to break physical dormancy
(Bradstock & Auld 1995; Keeley & Bond 1997; Herranz
et al. 1998). Despite the high in vitro germination rates after
scarification, Otholobium hirtum did not establish in field
conditions. Competition from grasses, which can suppress
establishment of indigenous shrub species (Eliason & Allen
1997), can be excluded because O. hirtum did not establish
at competition-free subplots neither. The main reason for
establishment failure could have been granivory by mice,
despite the installation of exclosures. Another factor could
include soil compaction (Verdú & García-Fayos 1996), or
changes in soil chemical (nutrients) or physical (water holding
capacity) properties (Bakker & Berendse 1999; Banerjee et al.
2006; Memiaghe 2008). Furthermore, O. hirtum seems to be
dependent on mycorrhiza for phosphorus uptake and vesicular-
arbuscular mycorrhizal fungi could be reduced in abandoned
fields (Allsopp & Stock 1992). Large stands of O. hirtum
appeared after fire in other localities (personal observation)
and therefore fire (i.e. combined effects of smoke, heat, and
elimination of competitors) might be necessary for germination
in field conditions. Although, Aide et al. (1995) suggested a
sowing restoration strategy for pastures on former tropical
rainforest, it cannot be recommended yet for O. hirtum in
abandoned fields in renosterveld.
The rich ornithological fauna of the region (Philogene
1995; BHRC 2011) could act as dispersal vectors for fleshy
diaspores of indigenous shrubs, thereby concentrating seeds
beneath bird perches. Although seed rain was enhanced via
bird perches, seed establishment failed. Generally, it is difficult
to overcome establishment barriers such as seed predation, low
germination ability, and unfavorable germination conditions
(Kollmann 1994; Grunicke 1996; Holl et al. 2000; Herrera
& García 2010). Results are similar (although worse) to
findings from other regions where most studies reported a
low seed establishment success, such as in tropical rainforest
(Aide & Cavelier 1994; Holl 1998), Mediterranean shrubland
(Debussche & Isenmann 1994), and in temperate deciduous
woodland (McClanahan & Wolfe 1993). Suspected reasons
for experiment failure were soil compaction (Verdú & García-
Fayos 1996) and competition with grasses, which suppress
establishment of indigenous shrub species (Eliason & Allen
1997). However, establishment of dispersed seeds failed even
within competition-free and tilled microsites. It seems that low
germination rates of fruity seeds (R. Knight, Senior Lecturer
at University of the Western Cape, Cape Town, South Africa,
2008, personal communication; Traveset 1998), seed predation
by rodents (Hulme 1998) and lack of nurse plants (Padilla
& Pugnaire 2006) are the main factors hindering seedling
establishment. More research is required to reveal germination
and establishment barriers of ornithochorous plant species in
degraded renosterveld.
Implications for Practice
• Severe establishment barriers for indigenous shrubs exist
in old fields of renosterveld.
• Sowing of Otholobium hirtum into old fields cannot be
recommended yet, as barriers to establishment are not
known.
• Bird perches enhance seed deposition but chances of seed
establishment are very low.
• Bird perches could enhance invasion by invasive exotic
Acacia species.
• Preliminary in-field studies are strongly recommended
before implementation of large restoration programs.
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